The FMS-like tyrosine kinase 3 (FLT3) gene, belonging to the receptor tyrosine kinase (TK) subclass III family, plays an important role in normal hematopoiesis and is one of the most frequently mutated genes in hematologic malignancies as well as an attractive target for directed inhibition. Activating mutations of this gene, including internal tandem duplication in the juxtamembrane (JM) domain and point mutations in the TK domain, are found in approximately one-third of patients with acute myeloid leukemia and in a smaller subset of patients with acute lymphoblastic leukemia. We report here that FLT3 may contribute to leukemogenesis in a patient with myeloproliferative disorder and a t(12;13)(p13;q12) translocation through generating a fusion gene with the ETS variant gene 6 (ETV6) gene. ETV6 has been reported to fuse to various partner genes, including TK and transcription factors. Both ETV6/FLT3 and reciprocal FLT3/ETV6 transcripts were detected in the patient mRNA by reverse transcriptase-polymerase chain reaction. At the protein level, however, only ETV6/FLT3 products were expressed. Among them, one retains the helix-loop-helix (HLH) oligomerization domain of ETV6 and the JM as well as TK domain of FLT3. FLT3 receptor in leukemic cells might be inappropriately activated through dimerization by HLH domain of ETV6, which consequently interfered with proliferation and differentiation of hematopoietic cells.
Introduction
The myeloproliferative disorders (MPD) are chronic malignant conditions characterized by the clonal expansion of hematopoietic cells from one or more myeloid lineages.
1,2 Constitutive activation of mutant tyrosine kinases (TK), which have been identified by cloning recurrent chromosomal translocation breakpoints, is a key element in the pathogenesis of MPD, 3 making therapy targeted to specific TKs a crucial new approach to treatment of MPD. For example, imatinib is effective treatment in nine of 11 patients with hypereosinophilic syndrome, recently categorized as a rare MPD of unknown etiology. 3, 4 Among them, however, only five had a FIP1L1-PDGFRA fusion, a well-known target for imatinib. Moreover, two of the 11 patients treated with imatinib exhibited no responses. Further information is needed for understanding molecular pathogenesis of MPD.
The ETV6 (ETS variant gene 6) gene, also known as TEL (translocation, ETS, leukemia), located at band 12p13, is frequently rearranged by chromosomal translocations in a broad spectrum of hematologic malignancies. A member of the ETS family of transcription factors, ETV6 is characterized by two functional domains, a C-terminal ETS DNA-binding domain and a N-terminal helix-loop-helix (HLH) oligomerization domain that plays a role in modulating transcriptional activities. 5 Since ETV6 was cloned as a partner gene of platelet-derived growth factor receptor b (PDGFRB) in a t(5;12)(q33;p13) translocation, 6 it has been found to fuse to a growing number of different genes such as ABL, 20 Among them, several are TK genes. In ETV6/TK fusion proteins, the HLH domain of ETV6 functions as a homodimerization motif that activates the TK domain of the partner genes, 21 resulting in a definite phenotype depended on the partners. In MPD, ETV6 was reported to fuse to several TK genes such as ABL, JAK2 and PDGFRB. 1 The FLT3 (FMS-like TK3) gene, located at band 13q12, is a member of the receptor TK (RTK) subclass III family genes. It is one of the most frequently mutated genes in hematologic malignancies. 22 The most common mutation of FLT3 is an internal tandem duplication in exons 14 and 15, whereas other mutations have also been found at and around codon 835 of exon 20. These activating mutations are found in approximately one-third of patients with acute myeloid leukemia (AML) and in a smaller subset of patients with acute lymphoblastic leukemia (ALL) [22] [23] [24] promoting constitutive RTK activity in the absence of ligand and leading to aberrant signaling including strong activation of signal transducers and activators of transcription 5, 25, 26 although detailed signaling downstream following wildtype FLT3 activation has not yet been fully clarified. 27 Many questions with regards to the biology of FLT3 and its role in leukemogenesis remain to be clarified. Despite its highly frequent mutations, FLT3 has never been reported to fuse to any partner genes. In this report, we show that FLT3 was fused to ETV6 in a patient with MPD and a t(12;13)(p13;q12), resulting in the expression of a fusion protein, which contained the HLH domain of ETV6 and the juxtamembrane (JM) as well as TK domain of FLT3. This is the first report showing that FLT3 was involved in leukemogenesis through forming a fusion gene.
Materials and methods

Patient
A 68-year-old Japanese woman was admitted and treated with interferon alpha (IFNa) at a hospital under the tentative diagnosis of chronic myeloid leukemia in 
Fluorescence in situ hybridization analysis
Bacterial artificial chromosome (BAC) probes located at 12p13.3 and 13q12.3, and LL12NCO1 ETV6 cosmid probes (184C4 and 148B6) located within the ETV6 (generously gifted by Professor Marynen), were used for Fluorescence in situ hybridization (FISH). Metaphase cell slides were prepared using a standard air-dry method. The probes, labeled with biotin-16-dUTP by using nick translation, were hybridized to metaphase cells by using a standard method. FISH signals were analyzed as described previously. 28 
PCR-based methods
Sequences of all polymerase chain reaction primers used are listed in the Table 1. 3 0 Rapid amplification of cDNA ends (3 0 RACE) was performed using forward primers located in ETV6 exons 4 and 5 and total RNA extracted from a cryopreserved BM sample, without separation of granulocytes from eosinophils, using ISOGEN reagent (Nippon Gene, Toyama, Japan). First-strand cDNA was synthesized from 2.5 mg of total RNA with Superscript first-strand synthesis system (Invitrogen, Carlsbad, CA, USA) with primer Q 0 -Q 1 -dT18 (5 0 -CCAGTGAGCAGAGTGACGAGGACTCGAG CTCAAGCTTTTTTTTTTTTTTTTTT-3 0 ). The first PCR was performed with primer TEL.E4F and outer adaptor Q 0 (CCAGTG AGCAGAGTGACG) using the first-strand cDNA as the template. Diluted product of the first PCR was used for the second nested PCR with primer TEL.E5F and inner adaptor Q 1 (GAGGACTC GAGCTCAAGC). The thermal cycling profile was: 951C for 5 min, followed by 35 cycles of 951C for 30 s, 551C for 30 s, 721C for 2 min and a final extension at 721C for 10 min. PCR products were separated by electrophoresis on a 1.5% agarose gel, cloned into pT7Blue T-Vector (Novagen, Darmstadt, Germany) and subjected to DNA sequencing.
Reverse transcriptase-PCR (RT-PCR) was performed to detect wild-type ETV6 and FLT3, ETV6/FLT3 and reciprocal FLT3/ETV6 transcripts. Total RNA (1 mg) was reverse transcribed with Moloney murine leukemia virus reverse transcriptase (MMLV-RT; Stratagene, La Jolla, CA, USA) and random hexamers. Seminested PCR was performed to demonstrate the presence of ETV6/FLT3 transcripts by using primers TEL.E4F, TEL.E5F and FLT3.E20R. To confirm full-length ETV6/FLT3 transcripts, we used primer sets TEL.1F1 and FLT3. E24R1 for the first PCR, and TEL.E1F2 and FLT3.E24R2 for the second nested PCR. To detect the reciprocal FLT3/ETV6 transcripts, primer sets FLT3.E12F and TEL.E8R in combination with FLT3.E13F and TEL.E7R were used. Wild-type ETV6 was amplified by TEL.E1F3 and TEL.E8R Table 1 Primer names and sequences
Primer name
Primer sequence Primer location ETV6 primers
ETV6/FLT3 in an MPD with t(12;13)(p13;q12) HA Vu et al primers, whereas primers FLT3.E3F and FLT3.E22R were used to analyze wild-type FLT3.
To identify the exact breakpoints in ETV6 and FLT3, we performed genomic PCR using forward primer in ETV6 intron 4 (TEL.int4F) and reverse primer in FLT3 intron 14 (FLT3.int14R) for ETV6/FLT3 and forward primer in FLT3 exon 12 (FLT3.E12F) and reverse primer in ETV6 exon 6 (TEL.E6R) for FLT3/ETV6. The thermal cycling profile was the same as described above.
DNA sequencing and homology search
The amplified products were sequenced directly or after subcloning into pT7Blue T-Vector with an ABI PRISM 310 (PE Applied Biosystems, Foster City, CA, USA). DNA sequences were analyzed using the NCBI Blast server.
Northern blot analysis
Total RNA (5 mg) was separated by electrophoresis on a 1% agarose/formaldehyde gel and transferred to Hybond-N membrane (Amersham, Buckinghamshire, UK). Hybridization was performed as described previously 16 with full-length ETV6 cDNA probe.
Plasmid construction
Full-length ETV6/FLT3 cDNAs were constructed from the patient sample by PCR using primers TEL.BamHI and FLT3. BamHI. The products were ligated into the BamHI site of pcDNA3.1( þ ) vector (Invitrogen) and sequenced to verify the open-reading frames. Constructions of pcDNA3.1( þ )-EF1, -EF6 and -EF7 were generated.
Cell culture and transfection
Ba/F3 cells, maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum and 1 ng/ml IL-3, were transfected with pcDNA3.1( þ )-ETV6/FLT3 constructs by lipofectamine (Invitrogen) according to the manufacturer's instructions. Transfected cells were selected in medium containing IL-3 and 1 mg/ml G418 (GIBCO BRL, Gaithersburg, MD, USA) for 2 weeks and then subjected to limiting dilution to isolate clones. Expressions of ETV6/FLT3 proteins were documented ( Figure 5a ).
In survival experiment, cells were seeded at 1 Â 10 4 cells/well (1 Â 10 5 /ml) in 96-well plate in the medium in the presence or absence of 1 ng/ml IL-3. The number of viable cells was determined every 24 h by trypan blue exclusion.
Western blot analysis and immunoprecipitation
Total cell lysate was isolated from the patient's BM cells or cell lines using RIPA buffer (Santa Cruz Biotechnology, Santa Cruz, CA, USA) according to the manufacturer's instructions. Immunoprecipitation (IP) was performed as described previously. (anti-goat IgG HRP or anti-rabbit IgG HRP; Santa Cruz). Immunodetection was performed by using enhanced chemiluminescence (ECL; Amersham). For the detection of tyrosinephosphorylated proteins, the mouse monoclonal antibody against phosphotyrosine (4G10; Upstate Biotechnology, Lake Placid, NY, USA) was used.
Results
Rearrangement of ETV6 and FLT3 in the patient with MPD and a t(12;13)(p13;q12)
FISH analysis using CITD-2635D8, which covers the last six exons of ETV6, showed split signals between the der(12) and der (13) , suggesting the break of ETV6 in this t(12;13) (Figure 1a) . Moreover, the signals obtained from 184C4 containing ETV6 exons 3-5 were found on the der (13) , whereas the signals from 148B6 containing ETV6 exon 8 were on the der(12), indicating that the 12p13 breakpoint occurred between exons 5 and 8 of ETV6. The signals on the normal chromosome 12 were always observed with every BAC and cosmid probes, suggesting that ETV6 was not deleted on the normal allele.
ETV6 was reported to fuse to CDX2 in a patient with AML and a t(12;13)(p13;q12). 13 To check whether our patient had a different fusion partner of ETV6, we first carried out FISH by using the contig BAC probes surrounding CDX2 (Figure 1b) . In an approximately half number of analyzed metaphases, split signals were observed between the der(13) and der(12) with RP11-153M24, which spans CDX2 and the 3 0 portion of FLT3. Interestingly, RP11-9D14 which entirely belongs to FLT3 showed also split signals in an about half number of metaphases. Therefore, FISH results highly suggested the coexistence of two clones in the patient, one with split FLT3 and the other with suspicion of split CDX2.
Northern blot analysis hybridized with full-length ETV6 cDNA demonstrated wild-type ETV6 transcripts of 6.5 and 4.5 kb in control cell line, TCC-S. 30 On the other hand, t(12;13) leukemic cells showed an abnormal transcript between 6.5 and 4.5 kb, besides a 6.5-kb wild-type ETV6 transcript, further indicating the rearrangement of ETV6 (Figure 1c ).
Cloning and identification of ETV6 fusion cDNA
To identify a fusion partner of ETV6, we performed 3 0 RACE-PCR with nested primers located in ETV6 exons 4 and 5. PCR products were subcloned into pT7Blue T-Vector and 50 resultant clones were analyzed. Sequence analyses detected novel sequences fused to ETV6. BLAST search revealed that the novel sequences were identical to FLT3 (GenBank accession no. NM_004119), which maps to band 13q12. In the ETV6/FLT3 transcripts, nucleotide (nt) 1178 within ETV6 exon 5 (GenBank accession no. BC043399) was fused to nt 1778 within FLT3 exon 14, preserving the reading frame from ETV6 through FLT3 (data not shown). We were unable to detect any clones that included CDX2 sequences.
Detection of the ETV6/FLT3 and FLT3/ETV6 transcripts
To check whether the ETV6/FLT3 transcript was indeed expressed in the patient's cells, we performed seminested RT-PCR by using forward primers in ETV6 exons 4 and 5 (TEL.E4F and TEL.E5F) and a reverse primer in FLT3 exon 20 (FLT3.E20R). As shown in Figure 2a , four smaller bands besides a product with an expected size (EF1, 1241 bp) were observed. Sequence analysis revealed that they were five alternatively spliced ETV6/ FLT3 transcripts (EF1-EF5) (Figure 2d ). The EF1 had the identical junction between ETV6 and FLT3 as the 3 0 RACE clones did. The other four smaller bands were generated from the junctions between nt 953 of ETV6 and nt 2099 of FLT3 (EF2, 695 bp), nt 925 and nt 2207 (EF3, 559 bp), nt 1113 and nt 2416 (EF4, 538 bp) and nt 805 and nt 2136 (EF5, 510 bp), respectively. Among them, EF1 and EF2 are in-frame fusion transcripts.
To determine whether the ETV6/FLT3 transcripts actually contained the sequences encoding the functional domains of ETV6 and FLT3, we performed RT-PCR to amplify the coding region of this fusion gene by using forward primers in ETV6 exon 1 (TEL.E1F1 and TEL.E1F2) and reverse primers in FLT3 exon 24 (FLT3.E24R1 and FLT3.E24R2). Three types of ETV6/FLT3 transcripts were found (Figure 2b ). Sequence analyses confirmed that the longest band (2234 bp) was the full-length EF1, a fusion between ETV6 from the start codon ATG (nt 275-279) to nt 1178 and FLT3 from nt 1778 to the stop codon TAG (nt 3037-3039), without any mutations or deletions. Surprisingly, the other smaller bands did not have the junctions found in EF2 to EF5 transcripts. Instead, the 1644-bp band (EF6) had the same junction as found in EF1 with the lack of FLT3 exons 16-20, presumably owing to alternative splicing. The remaining 1580-bp band (EF7) was generated from an in-frame fusion between ETV6 exon 4 (nt 737) and FLT3 exon 16 (nt 2000) ( Figure 2d) .
Next, to detect the reciprocal FLT3/ETV6 transcript, we performed nested RT-PCR by using forward primers in FLT3 exons 12 and 13 (FLT3.E12F and FLT3.E13F) and reverse primers in ETV6 exons 7 and 8 (TEL.E7R and TEL.E8R). We obtained two bands, a smaller band with a fusion between FLT3 exon 13 and ETV6 exon 6 (FE, 275 bp) (Figure 2c and d) , and a large band (287 bp) with an additional 12-bp sequence inserted between these same exons. As a result of BLAST search, the 12-bp sequence turned out to be the first 12 nucleotides of FLT3 intron 13. Both FLT3/ETV6 transcripts were out-of-frame.
Detection of the genomic junction
PCR using genomic DNA with ETV6 intron 4 forward primer (TEL.int4F) and FLT3 intron 14 reverse primer (FLT3.int14R) amplified a 695-bp product (data not shown). This was a fusion between A of ETV6 exon 5 (corresponding to nt 1178 of cDNA) and G of FLT3 exon 14 (nt 1778 of cDNA) on the der(13) (Figure 2e ). On the other hand, PCR using FLT3 exon 12 forward primer (FLT3.E12F) and ETV6 exon 6 reverse primer (TEL.E6R) amplified a 1880-kb product resulted from a fusion between T of FLT3 intron 13 and A of ETV6 intron 5 on the der (12) . Therefore, the t(12;13) in our patient turned out to be a non-perfect reciprocal translocation.
Expression of wild-type ETV6 and FLT3 transcripts
To check expression of ETV6 from the normal allele, we performed RT-PCR by using primers in ETV6 exons 1 and 8, followed by direct DNA sequencing. We detected a full length der (12) der (13) nl(12) CITD-2635D8 184C4
der (13) der (12) nl (12) der (12) nl (12) der(13) 148B6 der(12) der (13) nl (13) RP11-9D14 nl (13) der (13) der ( (12) and der(13) with CITD-2635D8 probe. Signals were found on the der(13) and normal 12p with 184C4 probe, and on the der(12) and normal 12p with 148B6 probe, indicating that the breakpoint at 12p13 occurred between ETV6 exons 5 and 8. Signals on the normal 12p were always observed with every BAC and cosmid probes, suggesting that the non-translocated allele of ETV6 was not deleted. (b) With RP11-9D14 and RP11-153M24 probes, FISH study showed split signals between the der(12) and der (13) in about a half number of metaphases analyzed, suggesting the coexistence of two clones, one with split FLT3 and the other with suspicion of split CDX2. (c) Northern blot analysis using a full-length ETV6 cDNA probe showed an abnormal transcript in the patient's leukemic cells in addition to a wild-type ETV6 transcript of 6.5 kb, whereas wild-type ETV6 transcripts of 6.5 and 4.5 kb were demonstrated in TCC-S cells used as a control.
ETV6/FLT3 in an MPD with t(12;13)(p13;q12) HA Vu et al of wild-type ETV6, in addition to two alternative slicing transcripts, one lacking ETV6 exon 5 and the other lacking exons 5 and 7 (data not shown). A full length of wild-type FLT3 was also detected (data not shown).
Expression of ETV6/FLT3 fusion proteins
Each of the ETV6/FLT3 fusion transcripts was expected to encode a fusion protein, which has the intact HLH domain of ETV6 at N-terminus 6 ( Figure 3 ). The longest in-frame fusion product (EF1) contained almost complete JM domain and two intact TK domains of FLT3 at C-terminus. 31, 32 The other two inframe products (EF2 and EF7) lacked JM and 5 0 part of TK1 domain, whereas the alternative isoform of EF1 (EF6) retained JM and 5 0 part of TK1 domain. Reciprocal transcripts (FE) were expected to encode truncated FLT3 without the JM and TK domains.
Western blot analysis by using an antibody directed against C-terminus of FLT3 (Flt3/Flk2 C-20) detected several strongly abnormal bands in the patient's cells, in addition to a weaker band corresponding to the normal FLT3 (150 kDa) (Figure 4a) . Doublet of about 83 kDa would be products translated from EF1 using an additional nearby in-frame internal start codon in ETV6 exon 3, 29, 33 whereas a strong band of about 60 kDa would be product corresponding to EF7 (58 kDa), because a full-length On the der(13), A of ETV6 exon 5 (nt 1178) was fused to G of FLT3 exon 14 (nt 1778), whereas on the der(12), T of FLT3 intron 13 was fused to A of ETV6 intron 5, indicating that the t(12;13) in our patient was not a perfectly reciprocal translocation.
recognized another 44-kDa band besides two abnormal bands detected by Flt3/Flk2 C-20 ( Figure 4b ). This would correspond to EF6 of 44 kDa. It is likely that the 44-kDa EF6 band was not observed by Flt3/Flk2 C-20 because it lacked C-terminal FLT3. Therefore, at least three types of ETV6/FLT3 fusion proteins were detected in the leukemic cells.
Antibodies reacting specifically with either the extracellular domain of FLT3 (anti-FLT-3) or the C-terminus of ETV6 (TEL C-20) failed to detect FLT3/ETV6 reciprocal product (data not shown), indicating that very small amount, if any, of the FLT3/ ETV6 protein was expressed in the patient's cells. TEL C-20 was also unable to detect the endogenous 57-kDa ETV6 in the leukemic cells (data not shown), suggesting that a normal ETV6 protein was not translated in spite of the expression of a wildtype ETV6 transcript.
34
ETV6/FLT3 protein is a constitutively activated TK
To examine whether ETV6/FLT3 proteins were constitutively activated in Ba/F3 cells, total cell lysates from cells cultured in IL-3-free medium were immunoprecipitated by TEL N-19 followed by immunoblot analysis with 4G10. An approximately 83-kDa band was detected in Ba/F3-expressing EF1, indicating that EF1 protein was tyrosine-phosphorylated ( Figure 5b) . No band was observed at around 44 and 58 kDa corresponding to EF6 and EF7.
Transforming activity of ETV6/FLT3
The murine hematopoietic cell line Ba/F3 is IL-3 dependent. When cultured under the presence of IL-3, all stably transfected Ba/F3 cells grew at a comparable rate (data not shown). In the absence of IL-3, Ba/F3 cells expressing EF1 continued to proliferate at a comparable rate to cells grown in IL-3-containing medium, whereas cells expressing EF6 or EF7 did not proliferate and died within 3 days (Figure 5c ). The result was in good 16----------------------24   15------------------------ agreement with the fact that only EF1 was tyrosine-phosphorylated ( Figure 5b ) and indicated that EF1 was an oncoprotein.
Discussion
We have demonstrated that a fusion gene of ETV6 and FLT3 was formed in a patient with MPD and a t(12;13)(p13;q12). Reciprocal ETV6/FLT3 and FLT3/ETV6 transcripts were detected by RT-PCR; however, in protein level, only ETV6/FLT3 was expressed in the patient's leukemic cells. In an AML patient with the same t(12;13)(p13;q12) translocation, even though an ETV6/ CDX2 fusion gene was detected, the ectopic expression of CDX2 instead of ETV6/CDX2 chimeric gene was proved to induce myeloid leukemogenesis. 13, 35 In our patient, a half number of metaphases examined showed split FISH signals by using RP11-153M24, which includes CDX2 (Figure 1b) . However, we were unable to detect either ETV6/CDX2 or wild-type CDX2 transcripts with 3 0 RACE and RT-PCR (data not shown) despite several attempts, suggesting that CDX2 was not involved in the disorder found in our patient.
FIP1L1/PDGFRA fusion, a result of micro-deletion on chromosome 4, 3 has been identified as a therapeutic target for imatinib in hypereosinophilic syndrome. However, around onethird of responding patients lacked the fusion gene, suggesting genetic heterogeneity. More recently, a gain-of-function of JAK2 (V617F) has been found in a high proportion of patients with MPD. 36 Using PCR and DNA sequencing, with the same primers and conditions as published, we excluded the presence of those two genetic aberrances in our patient (data not shown).
Very recently, three tyrosines among 22 cytoplasmic tyrosine residues of murine mutant Flt3 has been proven to be critical for the constitutive activation of that mutant Flt3. 37 However, very little is known about the contribution of each tyrosine residue to human FLT3 signal transduction. It is reported that the JM domain of RTK subclass III family genes not only has an autoinhibitory effect on the catalytic activity of the kinase domain but also plays a more active role in leukemogenesis. For instance, not any other tyrosines in TK domain in ETV6/ PDGFRB, but tyrosines 579 and 581 of the JM domain were proved to determine myeloproliferative phenotype in mouse. 38 As EF1 contained HLH domain of ETV6 and TK domain and almost complete JM domain of FLT3, its FLT3 TK is expected to be constitutively activated through dimerization by the HLH domain exhibiting the oncogenic property, similar to a mechanism described by Tse et al. 33 However, the oncogenic ability of EF6 and EF7 is questionable, because they lack almost whole part of TK1 and TK2 domains or JM domain, respectively. A similar, but not identical to EF6, chimeric fusion between 154 first amino acids of ETV6 and the JM and TK1 domains of FLT3 failed to transform Ba/F3 cell (Tse et al 33 ). As expected, we have confirmed that EF1 is a constitutively activated TK that could confer IL-3-independent growth to Ba/F3 cells, whereas EF6 and EF7 did not (Figure 5b and c) . Thus, it is likely that among several ETV6/FLT3 proteins, EF1 would play a crucial role in the leukemogenesis of the patient.
Of note is that none of these ETV6/FLT3 proteins retained tyrosine 314 in ETV6 exon 5, which is a direct binding site for Grb2 and required for the induction of MPD by ETV6/ABL.
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Grb2 is one of various signaling intermediates found in FLT3 signaling cascade. 22 Thus, the myeloproliferative phenotype in our patient may be mainly determined by the behavior of aberrant FLT3.
On the other hand, we were unable to detect normal ETV6 protein in the patient' cells (data not shown); nevertheless, a fulllength normal ETV6 transcript was found by RT-PCR. Because ETV6 is a transcription suppressor, 5 the absence of normal ETV6 protein may favor oncogenic process as a secondary genetic event. 34 Finally, because these ETV6/FLT3 proteins were simultaneously found in leukemic cells, the effect of their coexpression should be evaluated with respect to leukemogenesis and induction of MPD.
In summary, we have demonstrated that FLT3 was involved in leukemogenesis as a fusion partner of ETV6 in a patient with MPD and a t(12;13)(p13;q12). This is the first report of an FLT3 fusion gene involved in leukemia. Functional study of the ETV6/ FLT3 proteins will help us to further understand the role of FLT3 in leukemogenesis, and to develop target therapy focusing on FLT3. 
